In recent decades, biological therapy has enabled disease activity control and improved quality of life in patients with autoimmune diseases. These therapies that are involved in immune response modifications and change multiple immunological pathways induce an incremental risk for certain infectious diseases. Though there have been recent advances in risk assessment for biological therapy, there is a lack of data and recommendations for assessing risks in populations with high prevalence of infectious diseases, such as those located in tropical areas and developing countries. We performed a review on infections with biological therapy as well strategies for risk minimization in areas with a high prevalence of tropical diseases.
Introduction
Autoimmune diseases (AD) are chronic diseases with common pathophysiology. The most remarkable characteristic is loss of immunological tolerance to selfantigens, which induce immune-related damage affecting tissues, organs, or even body systems simultaneously. The chronic nature of these diseases places a significant burden on health system programs, with a negative impact on disability and quality of life. The prevalence of AD varies among different geographies [1, 2] . Worldwide prevalence for each AD is estimated to be 3%-8% for autoimmune thyroid disease, 1% for rheumatoid arthritis (RA), 0.75% for psoriasis, and 0.024% for systemic lupus erythematosus (SLE) [3] .
Immunosuppressive agents are the cornerstones of treatment. They induce immune response regulation against auto-antigens, preventing subsequent organ damage and enabling disease control. The main immunosuppressive agents are the corticosteroids and the drug modifying against rheumatic diseases (DMARDs), such as methotrexate (MTX), azathioprine, and sulfasalazine, among others. However, these drugs (mainly corticosteroids) are associated with many adverse events and lack of efficacy in the long term [4] .
Over the last decades, the development of biological therapies has led to an advance in the treatment of rheumatic diseases such as RA, psoriatic arthritis, spondyloarthropathy (SpA), and inflammatory bowel disease (IBD), among others. Numerous agents with different immune mechanisms are available, including anti-tumor necrosis factor (anti-TNF) (e.g., adalimumab, etanercept, infliximab, golimumab, and certolizumab pegol), anti-interleukin 1 (e.g., anakinra), anti-interleukin 6 (e.g., tocilizumab), anti-CD28 (e.g., abatacept), anti-CD20 (e.g., rituximab), and antiinterleukin 12/23 (e.g., ustekinumab) [5] .
The use of biological therapy in patients with AD has increased in recent years, not just in high-income countries, but also in middle-and low-income countries. According to the Latin American Group for the Study of Rheumatoid Arthritis (GLADAR) registry, approximately 1.1% of RA patients from Latin America with short duration of the disease are treated with biological therapy [6] . In Europe, in countries such as France, this percentage is higher, with 12% usage within the first year after diagnosis [7] . In Turkey, patients with RA or SpA reported an average use of anti-TNF agents of 8.9% [8] . Moreover, patients' access to biologics in Europe (defined as the ratio between biologic annualized treatments and the prevalence of RA) was reported to be as high as 35% in Ireland and Netherlands and as low as 7% in Portugal [9] . In Colombia, Montoya et al. described an RA patient cohort with an average use of biological therapy of 36.5% for a single agent and 8.3% for two or more agents [10] .
There is a greater frequency of arthritis and enthesitis among SpA patients from Latin America (LA) compared with patients from Europe, and approximately 14% of LA patients were on a biological therapy regimen [11] . In Canada and Italy, the reported use anti-TNF in a cohort of patients with axial spondyloarthritis was 60% [12, 13] .
In addition, the use of biological therapy in IBD, comprising ulcerative colitis (UC) and Crohn's disease (CD), should be considered. Infliximab, adalimumab, certolizumab pegol, and golimumab are approved for the treatment of moderate to severe IBD in adults.
In 2009, Andersen et al. performed a single-cohort study evaluating the long-term safety of infliximab in 734 exposed patients with IBD for a median of 58 months, and the results showed that infection rates were similar in patients treated with infliximab compared to patients treated with conventional therapies [14] . Another study from North America combined four large databases in the SABER (safety assessment of biologic therapy) and analyzed the rate of serious infections in patients with AD (including IBD, RA, psoriasis, SpA, and AS) exposed to anti-TNF. Among 2,323 patients with anti-TNF treatment, there was no increased risk for serious infections [15] .
The use of biological therapy has been associated with an increased risk for different infectious diseases, including tuberculosis (TB) [4, 15, 16] . Risk minimization strategies (i.e., systematic reduction in the extent of exposure to a risk and/or the likelihood of its occurrence) must be implemented in order to identify those patients at risk of acquiring and/or having a reactivation of an infectious disease during the course of treatment with biological therapy [15] . There are several screening programs around the world for patients receiving biological therapy. However, the incidence of infectious diseases varies among different latitudes, highlighting the importance of having local programs based on the country's epidemiology. The main purpose of this article is to propose a screening program as a risk minimization strategy, specifically designed for patients with AD treated with biological therapy, from tropical and developing countries.
Biological therapy and infection risk
In the last decade, there have been several publications assessing the risk of infections in patients receiving biological therapy. Its use increases the risk of hospitalizations due infectious diseases even 1.5-to 2-fold [17] . Recent studies gathered in a meta-analysis found that standard-dose biological drug usage, with or without DMARDs, was associated with increased risk of serious infections [18] [19] [20] [21] [22] .
An example of variability among different biological drugs was published by the British Society based on its Rheumatology Biologics Register (BSRBR), which reported incidences in users of anti-TNF; infliximab and adalimumab presented a higher incidence of TB, 187.5/100,000 and 215/100,000 respectively, compared with 9.3/100,000 presented in the etanercept group [19, 21] .
Abatacept and rituximab were not associated with significantly higher risk compared to other biological drugs [22] . Possible differences can be attributed to study protocol, and more comparative studies are required.
Moreover, a detailed analysis found that infliximab, certolizumab pegol, and anakinra were associated with high rates of adverse events (AEs) and withdrawals due to AE compared with placebo [19] .
Screening program for tropical and developing countries
Commonly, standard screening programs include laboratory tests such as the tuberculin skin test (TST), interferon gamma release assay (IGRA), chest radiograph, hepatitis B core antibody (anti-HBc), hepatitis B surface antigen (HBsAg), hepatitis B surface antibody (anti-HB) [23, 24] , hepatitis C antibody, venereal disease research laboratory test (VDRL), IgG for varicella zoster, cytomegalovirus, Epstein-Barr virus, toxoplasmosis, and human immunodeficiency virus (HIV). Additionally, we suggest that the following tests be performed in patients currently living or migrating from tropical and developing countries: IgG hepatitis A virus (HAV), IgG Trypanosoma cruzi (Chagas disease), stool test for intestinal parasites, and IgG human T-lymphotropic virus 1-2 (HTLV 1-2).
Hepatitis A virus infection
HAV was a cause of severe hepatic disease in adults. Before the introduction of the vaccine, the incidence of the disease among travelers was 3-20/1,000 travelers per month [25] . However, there are no data indicating that HAV is more frequent in immunocompromised patients, although it has been shown that in HIV patients, viremia, liver function tests, and secretion of HAV virus in stool can be prolonged [25] . Some studies recommend the HAV vaccine for patients with rheumatic diseases traveling to countries with high or moderate prevalence [26] .
In Sweden, Askling et al. performed a prospective study on HAV vaccination in adult patients with RA who were receiving immunosuppressive therapy. In this study, among 53 patients, 15 treated with anti-TNF, 21 with anti-TNF + MTX, and 17 with MTX, one and six months after the first dose, 10% and 33% of the patients, respectively, had attained seroprotection levels; one and six months after the second dose, 83% and 72% of patients were seroprotected, and at month 24, 86% of the vaccines showed protective levels. Two doses of HAV vaccines at six-month intervals therefore provided protection for most immunocompromised patients [27] .
Colombia and other tropical countries have a high prevalence of HAV. HAV is the most frequent etiologic agent of viral hepatitis [28] . Screening for HAV virus is recommended prior to commencement of biological therapy; if the test is negative, the vaccine must be administered. Ideally, the vaccine should be administered prior to commencement of biological therapy. In fact, in recent years, the use and availability of the HAV vaccine have increased significantly in many developing countries. Given the high incidence of HAV in tropical countries, use of the HAV vaccine would help to reduce its impact in patients receiving biological therapies.
Chagas disease
Chagas disease should be considered in tropical countries. T. cruzi has usually not been considered to be an opportunistic agent [29] ; however, in recent decades, there has been increased reactivation in immunosuppressed patients, mainly in patients with HIV infection and those receiving immunosuppressant treatment such as corticosteroid therapy, and those undergoing transplantation. Some authors described the effectiveness of benznidazole in reducing reactivation rates in patients with T. cruzi infection treated with corticosteroid therapy [30] [31] [32] .
The association between Chagas disease and autoimmune diseases is small, but this may be due to underdiagnosed cases in developing countries [33] . Nevertheless, the chronic phase of Chagas disease is considered to be the result of autoimmune disorders. Some studies reported Chagas reactivation in patients using higher doses of corticosteroids; dos Santos-Neto et al. reported Chagas disease in one patient with SLE treated with cyclophosphamide and corticosteroids with evidence of parasitemia who was successfully treated with beznidazole. However, there is no clear evidence to support treating immunosuppressed patients with prophylactic therapy due to a lack of clinical trials [34, 35] . However, the relationship between Chagas reactivation and use of immunosuppressive therapy is controversial [30, 36] .
On the other hand, evidence of biological therapy and Chagas disease reactivation has not been reported. Nonetheless, Pereira et al. assessed the use of anti-TNF drugs in mice infected with T. cruzi, showing that TNF is a crucial cytokine in Chagas heart disease; it could generate immunological unbalance, which contributes to cardiac abnormalities [37] . Therefore, the role of TNF in Chagas disease requires further study, especially in immunosuppressed patients.
We recommend that IgG be assessed for Chagas disease status in countries with high prevalence of the parasite in order to be able to rule out the disease or prevent reactivation. The scope of this recommendation should be extended to other immunosuppressive therapy such as corticosteroids, DMARDs, and cyclophosphamide. This should be particularly considered not only in those countries endemic for Chagas diseases (most in Latin America, from Mexico to Argentina), but also in migrants from these countries to North America and Europe, among other regions.
Intestinal parasitic infections
Intestinal parasitic infections should also be assessed due to the possibility of reactivation in patients undergoing immunosuppressive therapy. The prevalence of these parasites is very high in our environment [38] .
Although in most patients, Entamoeba histolytica presents with an asymptomatic course, in immunocompromised patients, there is a high risk of fulminant amoebic colitis [39] . Amoebiasis prophylaxis should be given before the onset of therapy with secnidazole 2 grams orally single dose, and repeated every year if the patient's immunosuppression persists or if the patient lives in an endemic area [38] . Regarding strongylodiasis, some studies have shown an association between SLE patients with corticosteroids and hyperinfection due to Strongyloides stercoralis [38, 40, 41] . This nematode can even migrate in this clinical context to the central nervous system, which is a life-threating condition. Also, since biological therapy has become very important in treating rheumatic disease, it has been suggested that the recommendation of prophylaxis should be extended to this type of therapy [38, 42] . Prophylaxis should be performed with ivermectin 200 μg/kg/day orally, for two consecutive days, repeated within two weeks, and repeated every six months if immunosuppression persists or the patient lives in an endemic area [38, 43] .
HTLV infections
Several cross-sectional studies have found a high prevalence of HTLV-1 among tuberculosis patients and a high prevalence of tuberculosis in HTLV-1 infected patients. HTLV-1 reduces the response to Mycobacterium tuberculosis infection, suggesting that it could increase the risk of disease development [44] . A Brazilian control-case study showed that HTLV-1 patients suffered TB three times more frequently [45] . Patients infected with HTLV-1 have had a higher risk of contracting strongyloidiasis; therefore, we recommend performing this test. HTLV-1 is prevalent in some tropical countries (e.g., Brazil, Peru, Venezuela). Unfortunately, the epidemiology of HTLV infections is largely misunderstood and unknown. In addition to Brazil, Peru has reported significant number of publications showing the seroprevalence and clinical consequences of such infections and interactions with other infectious agents, such S. stercoralis [44, 45] .
Tuberculosis in tropical and developing countries
According to the literature, starting biological therapy increased the risk of TB reactivation. Moreover, to reduce the risk of TB reactivation, several recommendations have been proposed. These should be adjusted and implemented based on social and economic conditions as well as the prevalence of TB in each particular country [4, 46] . In countries such as Colombia, TB is a public health issue; there are approximately 11,000 cases per year, with 25.6 cases per 100,000 habitants [47] . Nevertheless, this condition is highly prevalent in other countries of the region such as Peru, Bolivia, and Brazil, among others.
Latent tuberculosis infection (LTBI) screening procedures are mandatory before the commencement of biological therapy. They should include full clinical history, information about country of birth, recent exposure to TB, previous active TB, and treatment completion, along with any additional risks such as drug abuse or alcohol, and adequate physical examination [4] . LTBI is particularly important in some population groups (e.g., Amerindians, prisoners).
Cantini et al. had some recommendations in BCGvaccinated and unvaccinated subjects. The panel recommended using the IGRA over TST in vaccinated subjects due to high false-positive test rates in TST [4] . However, some studies performed in high-burden TB areas showed that BCG vaccination did not interfere with TST results, and considered the test a useful tool after three years of BCG vaccination [48] . In addition, the World Health Organization (WHO) recommends the use of TST in low-and middle-income countries due to the high prevalence of latent TB and high cost of IGRA [49] .
TST
The literature supports the following ranges in considering a result positive: for immunosuppressive subjects > 5 mm, for immunocompetent subjects >10 mm, and for healthcare workers > 15 mm. In subjects who had any condition of immunosuppression and a negative TST, the test must be repeated 4 to 6 weeks after the first one (booster test); if the second test increases 5 mm or more, it is positive, and the patient should receive prophylaxis treatment [48] .
If the subject required biological therapy or some immunosuppressive drug, treatment of latent tuberculosis infection (LTBI) with isoniazid (300 mg per day for 6-9 months) and pyridoxine (50 mg) should be initiated. The patient should initiate the biological therapy one month after starting isoniazid [50] . Also, they should have chest radiograph, total abdominal ultrasound, and adequate physical examination in order to confirm or discharge active TB [46] .
In populations with low TB prevalence, a negative TST result must be reassessed every year in order to identify a possible infection if the patient had recent history of travel or risk contact [15, 46] . However, our recommendation, in countries with high TB prevalence, is that TST should be repeated, in order to confirm or rule out a new infection or reinfection. An increment of 5 mm compared with previous TST must be considered a reinfection in high burden TB countries, and patients should be screened again.
IGRA
IGRA is a whole-blood test that can aid with M. tuberculosis infection diagnosis. Two IGRAs have been approved by the Food and Drug Administration and are commercially available. They are QuantiFERON: TB Gold In-Tube test (QFT-GIT) and SPOT TB test (T-SPOT) [51, 52] . IGRA measures a person's immune reactivity. White blood cells that have been infected with M. tuberculosis will release interferon gamma when mixed with antigens [51, 52] .
IGRA has many advantages. Only one visit is required to conduct the test, results are ready in 24 hours, it is not necessary to reassess the test for a booster, and prior BCG vaccination does not interfere with the test result [51] . IGRA is good test for highincome countries; however, the WHO recommends the TST [49] .
We recommend that screening always be done. The specialist should decide to use TST or IGRA based on cost, availability, patient history, and country. It is recommended to make the control test with the same test used previously.
Lifestyle recommendations
It is important for patients to know about the lifestyle factors that play a role; for example, in intestinal parasitic infections, proper cleaning of vegetables and fruits, boiled water or use of filters, health education, hand washing, and use of shoes are important factors [38] . In addition, people should avoid eating uncooked food, contact with baby cats and unvaccinated animals, and contact with hospitals and sick people [15] . It is important take into account that immunocompromised pet owners are at risk of contracting infections caused by zoonotic pathogens; the consequences of this are often much more severe than in immunocompetent people and may be lethal [53] . As a result, the relationships between veterinarians, physicians, and patients is important; in physicians' advice to their patients, they must comment about their immunosuppression because veterinarians should take additional precautions [54] .
What about vaccines?
Administration of inactivated vaccines is safe in immunosuppressed patients, and is not associated with higher risk and vaccine adverse effects. However, it is recommended that the vaccine be administered before commencing DMARDs, corticosteroids, and biological therapy because the immunogenicity will be more effective [26] . Inactivated vaccine administration, such as influenza, pneumococcal, HBV, HAV, tetanus, meningococcal and HPV vaccines, is recommended (Table 1) [26, 55] . Live attenuated vaccines such as herpes zoster could be taken just before commencement of DMARDs or corticosteroid therapy [46, 56, 57] . Additionally, as suggested earlier, the patient's HAV status should be considered.
Live vaccines are contraindicated in immunosuppressed patients because of the risk of replication of the attenuated microorganism and invasive infection. However, some live vaccines, such as varicella zoster (VZV) and measles-mumps-rubella (MMR) have low risk of replication and can be used with some specifications and before commencement of immunosuppression therapy [26, 57] (Table 1) . 
Conclusions
Biological therapy, especially immunosuppressant agents, significantly increase the risk for infectious diseases. There is plenty of information about infectious disease assessment in developed countries, but in tropical countries, this information is scarce. Diagnostic accuracy for infectious diseases in tropical scenarios is challenging and requires a more complete assessment. Here we present a possible algorithm (Figure 1 ) to confirm or rule out possible active or latent infections. Additional assessment on this general topic should be performed to consider other emerging tropical infectious disease pathogens, such as chikungunya and Zika [58] [59] [60] , and their potential life-threatening implications in these clinical settings [60] . Finally, we should acknowledge that this review has limitations regarding the available evidence for some recommendations. This directly implies the need for future research to validate or generate new recommendations. 
